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A method of detecting bioiogicai subsiances having 
affitiity properties by passing the sabsianca to be detected 
ill a flow over a .solid surface to which surface a second 
SMb.-tance, to v/hich the sabstsnca to be detected shows af- 
finity, is attached, so thai tiie two substaiices form a coiii- 
p!ex and give enrichraent of the substance ta be dsiBcteri. 
The enrichment-is obtained when the fluid volume passing 
the active .surface i.s aiany times larger than the voiume in 
coEitact fi'ith the active .stirface. A raeaiis for detecting bto- 
■Dgica! substances consisting of a flow of a tluid sartsple of 
the substance to be detected generated via a pump over a 
ioisd surface ro which another substance, to which the first 
substance to be derected shows af.finity, is atEaohed, so that 
a compiex is formed of the two siib.«ances and gives en- 
richment of the substance to be detected. 
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A method o f_ cQncentrating and detec ti ng biomoXeeul_e3__and 
-cells and a means therefore ■ 

This invention relates to a inethod and a means for concen- 
trating and detecting biological material. 

Previously known methods for assaying biological and bio- 
chemical materials have been unsatisfactory as it has often 
been difficult to concentrate said material for assay. 
Different techniques, such as spin-drying and ultrafiltration, 
to obtain an increased concentration of the biological and 
biochemical material to be analysed have been used. However, 
it appeared that several molecules could not be concentrated 
in such a way and examples thereof are antigens, nucleic 
acids, hormones, ensymes, ligands, etc. A serious drawback 
with said techniques is that also contaminating molecules are 
concentrated and interfere with the detection of the desired 
material , 

The present invention relates to a method for separately 
concentrating biological and biochemical materials having 
affinity properties. This is achieved by letting, in a flow, 
a fluid sample of the material to be detected and which 
material has affinity to another material, such as antigen- 
antibody, DNA-DNA, DSA-RNA, RNA-RNA, lectin-receptcr , ligand- 
interactions as well as other receptors, e.g. phages and 
viruses, pass a solid surface, at which surface the other 
material to which the material to be detected has affinity is 
attached, so that in relation to the volume of the fluid a 
many times larger volume passes the surface. During the 
passage of the flow, the material to be detected adheres to 
the other material to which it has affinity and forms a 
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complex, which can be read off 'py different markers such as 
enaymes, radio activity, laser, etc. 

The detection process according to this invention can be 
automatized and the sensitivity increased at least ten times 
as compared to previously known methods such as "ensyaie-linked 
immunosorbent assay" {SLISA) with microplates or by radio- 
immunoanaiysis (RIA) techniques, immunofluorescence, etc. 
(Vollar, K.r Bartlett, A., and Bidwell, D.E., "Enzyme iimnuno" 
assays with special reference to ELISA techniqtjes" , J. Clin. 
Pathol. 31, 507-520 (1978}? Overby, L,R., and Mushahwar, J.K., 
"Radioiroifliine assays", p. 39-70, in M.W. Rytel {Ed. 5, Rapid 
diagnosis in infectious disease, CRC Press, Boca, Fla, (1979); 
Dahle, A.B., and Laake, M., "Diversity dynamics of marine 
bacteria studies by immunofluorescent staining on membrane 
filters", Appl. Environ . MicroblQl. 43, 165-176 (1382), 

Depending on the flow ratio and the flow tiine, a considerable 
lower limit for the detectable leval is obtained. The 
concentration of bacteria and the amounts of the bound 
substances are other variables. The extent of bound substance 
is Increased with increased specificity. 

The amount of flow must be tested each time and depends inter 
alia on the size of the molecules to be detected, 

The solid surface can be any solid surface which is 
immobilised, but is preferably hydrophobic and consists of 
polymeric substances such as glass, plastic material, metal, 
silicon, etc. The bindning to said surface is obtained 

1} by passive adsorption to the hydrophobic surface, or 

2) by immobilizing the specific molecule, e.g. antibody, 

enzyme, antigen, to a solid phase by adsorption or covalent 
binding. 
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The fluid sample can consist of water, water-based systems, 

g. buffer, body fluids, in cycion madia impacted air 
samples, in suitable buffer systems re-suspended solid samples 
containing- the substance to be detected. 

rn bacteria assay it has been shovm to be advantageous if the 
sample contains at least 10^ bacteria per rnilliliter suspended 
therein, but also as sniall amounts as IQ- bacteria per 
milliliter could be detected. 

The concentration of the desired substance can be decreased if 
the volume of the sample is increased and yet give detectable 
results. 

A non-limiting example of a means used accoraing to the 
present invention is shown in the enclosed schematical view of 
the concentration process by means of iMOlogicai technique 
(Figure 1) . 

A saitiple (1) containing for example antigen is pmnped by a 
pump (2) into a duct (3) to the inner surfaces of which 
antibodies are bound. By the flow through the duct antigens 
are deposited on the antibodies and form a complex which is 
read off by different markers, e.g. a colour reaction with 
alkaline phosphatases. 

Hitherto used assay methods such as the above mentioned 
ELISA-methods have restrictions as regards the lowest amounts 
of detectable antigen (sensitivity). Different direct 
concentration increasing measures .such as centrif ugation and 
ultrafiltration have, as stated above, been used to increase 
the concsntration and sensitivity without giving satisfactory 
results . 

Antibodies obtained from rabbits which had obtained antigens 
from Francisell a tularensis (the causative agent of tularemia) 
were tested regarding their ability to recognize whole 
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bacteria of F. tolarensis . It was then found that the 
antibodies were bound to the surfaces of the bacteria and 
could he used as a diagnostic means. An assay system was 
developed based on said antibodies in which tha marker 
antibodies were affinity purified against the antigens and 
labelled with alkaline phosphatase. 

When said diagnostic systera v/as tested with whole bacteria of 
F. tularensis by so-called microplate-ELISA, it was found that 
the lowest amount of bacteria that significantly could be 
detected by said method was at a concentration of 10^ bacteria 
per milliliter {Figure 2}. 

Concentration by centrifugation or ultrafiltration gave the 
saiae result on analysis {i.e. no increase was*obtained, not 
shown ) . 

Investigations of epideraics of tularemia have shown that i\ 
t-ularensis can be present in and spread by water and air. A 
demand for assay of water and air containing minor amounts of 
bacteria has thus arisen. Another existing demand is also to 
assay very small samples, such as body fluids. 

As mentioned above, the ELISA-methods as used proved to be 
unsatisfactory, as tha lowest amounts of bacteria that can be 
detected by said methods are within a concentration of 10^ 
bacteria per milliliter. 

Therefore, tests were made using the affinity of F. tularensis 
to specified antibodies to increase the sensitivity of the 
test. 

A surface antigen was prepared as described by Sandstrom, G., 
Tarnvik, A., Wolf -Wats, H., and Lofgren, S., "Preparation of' 
antigen from Francisella tularensis for demonstration of 
antibodies by the ELISA", FOA Report C 40179-B 3, June 1983, 
Umea, Sweden, 



wo 85/03S55 



PCT/SE8S/00026 



A surface antigen (Sandstrom st al., Inf. Itm. 45, iOi-105 
(1984)) t.as isolated which iimunized on rabbit gave specific 
antibodies against F:_3±HH£H (Sandstrom, G., and 
Wolf-Watz, H., "Rapid identification of PrancisaUa^^ 
in water", FOA Report C 401S8-B 3. November 1983, Urr.ea, 
Sweden. . - 

Rabbit sera 

Rabbits were iimnuni.ed by F. tularensM antigen as described 
by sandstrom, G., and Wolf-Watz, H,, "Rapid identification of 
^rancisella tularensis in water", POA Report G 40188-B 3, 
NQvetr>ber 1983, Omea, Sweden. 

Affinity purification and alkaline phosphatase-coupling to ' 
^■ rabbit antibodies — — 

A live vaccine strain of F. tularensis. (F^ tularenjls LVS) was 
provided by the U.S. Army Medical Research Institute of. 
infectious Diseases, Fort Detrick, Frederick, Md., USA. A wild 
strain of F. tularensis var. palaerctica (strain SBL R45) -was 
provided by R. Mollby, The National Swedish Bacteriological 
Laboratory, Stockholm, Sweden, 

Bacteria of two strains of F. tularen sis were grown on 
modified Thayer-Martin agar containing Gc-sedium bass (36 
grams/liter; Difco Laboratories, Detroit, Bich,, USA], 
hemoglobin {10 gra5T.s/liter ; Difco) and IsoVitalex (10 milli- 
grams/liter; BBL Microbiology Systems, Cockeysville, Md., USA) 
at 37=C in 5% in air. The bacteria population was 
determined by counting live bacteria. 

Fluid test: 

Tap water was adjusted to pH 5.0 using 0.0 IM hydrochloric 
acid. Tween'^20 was added to each sample at a concentation of 
Q.05% (v/v). F. tularensis bacteria were suspended in amounts 
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of 0, 10^, iO'^f 10^, 10* and respectively, or 

alternatively f cycion medxum was supplemented with 0.05% (v/v) 
Tween®20 (Olsson, T. Styisr.e, S. , and There, A, ,, "Detection 
av bakterieaerosoler med luminescensanalys 1» Ltuninescens- 
analys av luftprover'% FOA Report C 40061-B 2 (1977), OrsviJ?, 
Sweden. . .= ■ 

Re f e r enee Ex-aiap la 

A ntigen -• antibody 

Microplate ELISA was performed substantially according to 
Voller, et al., "Enzyme immtino assays with special reference 
.to BLISA techniqtses", J. Clin. Pathol. , 31, 507-520 (1978). 
Rabbit antiserum against F. tularens is - antigen diluted 100:1 
(ELISA-titer 1:5000) in 0.05M sodium bicarbonate buffer 
pH 9.6 was coated on microplates (Flow Laboratories- Svenska 
AB, Stockholm, Swedan)< Bacterial suspensions were added to 
the microplates which were incubated for one hour at 37°C. In 
the next step, a solution of affinity-purified, alkaline 
phosphatase labelled rabbit antibodies against F, tularensis 
antigen was applied for one hour at 37°C. The reaction 
developed by the addition of the substrate to the enzyme and 
the absorbance at 405 nm was measured. The results thus 
obtained are shown in Figure 2 and Table 2. 

Example 

Antigen' - antibody 

The process was performed in plastic tubes (Tygon®; No ax AB, 
Stockholm, Sweden) connected to a peristaltic pump system 
(Technicon Corp., Ardesly, USA). The volume of the tube was 
4 0 |il/cin tube. For each assay 10 cm of tube was connected » 
Antiserum in a stationary condition was coated over night at 
room temperature. Test samples were passed through the tube at 
a flow rate of 1.9 ml/min. (figure 3). 
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In some experiments test samples were stationary in' the tube 
while during other tasts a flow was generated through the 
tube . 

After washing, stationary exposure to alkaline phosphatase- 
iabelled antibodies was performed at ^7°C for ona hour. The 
tubes were disconnected from the pump system and cut from 
each side tc5 a length of 5 cm, and substrate to alkaline 
phosphatase was added. After incubation at 3?=>C for 30 minutes 
the content of each tube (200 ^1} was transferred to the well 
of a microplate and the absorbance at 405 run was measured, the 
samples were tested in triplicate and the mean values were 
calculated. 

Khen the test samples were -stationary in the dnct, lower Ei.ISA 
, values were obtained in relation to the values obtained when 
the samples were flown through the duct (Figure 3}. 

3y using the process according to the present invention, an 
increased sensitivity was obtained. With an unlimited test 
sample it is possible to detect as few as 10'' £\_tularensi5 
per aiilliliter {Figure 4). Viable counts of ?. tularensis 
before and after the passage through the duct did not show smy 
measurable decrease in bacteria. 

•The possibilities of recirculating different volumes of test 
samples containing F. tularensis were tested. The sntallest 
volume that for practical reasons could be recirculated v;as -a 
5 mi test sample. The sensitivity was increased at least 10 
tiraes {Figure 5), generally between 10-100 times, in relation 
to the time during which the test sample was recirculated 
(Figure 4). By circulating 10'' F. tularensis bacteria 
suspended in 5, 15, and 50 mi of fluid test samples for 
18 hours increased values were obtained depending on the 
amounts of fluid sample as tested {Table 1}.- 
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When different volumes of the sample containing F. tularensis ' ' 
were flown through the duct coated with antibodies specific , 
against F. tularensis , an enrichment in bacteria in the duct 
was obtained. When larger volumes were passed through the 
duct, a plateau level was obtained (Figure 3), probably due 
to the fact that all antigen deposition sites were already 
occupied and thus no further bacteria could be trapped. 

Similar results were obtained when F. tularensis were impacted 
in cyclon media supplemented with O.Q5% {v/v] Tween^20 
{Olsson, T., Stymne, S.t and Thore, A., "Detaktion av 
bakterieaerosoler med luminescensanalys 1. Luminescensanalys 
av luftprover", FOA Report C 400S1-B 2 (1977), Ursvik, Sweden. 

Ligand-ligand-interaction 

E. coli (HB101/pRHU845) agglutinates A blood v^ia mannose- 
resistant hemagglutination. Interaction occurs between a 
special protein structure of the bacteria to a Gal-NAc S 
{1 ■5' 3) Gal 2 U 4) Gal fi (1 > 4) GLC-ceramide receptor on 
red blood corpuscles, 

A plastic tube (Tygon^} was coated with whole blood 
(A-blood) S. coli bacteria in concentrations of from 0 
to 5.10^ bacteria per milliliter were flooded through the tube 
system. Thereafter rabbit antibodies against £. coli were 
added.. Then anti-rabbit IgG labelled v;ith alkaline phosphatase 
were added for one hour at 3?°C and finally the absorbance at 
405 nm was monitored by the addition of substrate to alkaline 
phosphatase. Using this method it was possible to detect 
S. coli at different densities. 
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Table 1 

Re a-ults obtained when IQ^ F. t\2larensis were circulated i n 
varying amounts of fluid test sair.ple for 18 hours. 

A 405/100 minutes 

Volume^ 

(roi ) 0 F.tul/TBl 10 F.tul/rnl 

5 0.57 + 0*06 0,37 ^ 0.13 

IS 0.60 + 0.07 1.13 + 0.20 

50 0,68 + 0.05 . 1.27 + 0.23 



Recirculated for IS hours 
A4 05/100 min. =^ absorbance at 405 n.m/100 niin.« 
■The results are mean values of 3 measureraents. 



Results obtained for tests using microplate SL2SA, assay with 
the fluid stationary in the duct and assay with a flow 



Fluid 

stationary Fluid 
Amount of in the duct in f Ic 



® 



teria Microplate {Tygon^ (Tygon^^ 

ml ELISA plastic tube) plastic tube ) 

^ 0,125'^ 0 . 335 0 .504 

■'^ - 0.02S 0,085 0.162 

O.OOO 0.027 0.064 



^ Absorbance at 405 nm/100 min. The values are decreased by 
the values obtained for tap v/ater without F. tularensis. 
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The level of detectable F. tularensis LVS was increased by 
using the fluid in flow. Suspensions containing 10 , IQ" and 
F, tularensis cells per railiiliter were passed through a 
Tygon® plastic tube coated with antibodies against 
tularensis. The flow rate of the test suspension was about 
100 ral per 3 hours. According to this process the amount of 
tularensis LVS was enriched and the detectable level became 
lower than the detectable level obtained with microplata 
ELISA. 

The influence of Tygon® plastic tube was examined. The SLISA 
assay was performed without any flow in the ^ygon^ plastic 
tube. The advantages of the fluid in flow where shown also in 
this test. A lower detectable level was obtained as compared 
to microplate EL ISA. 
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LEGENDS TO FI GO RgS 

F.g. 1. Enrichment of the duct walls using a flow system. 

The flow rate was 1.9 ml/min. and the volume 40 |il/cin 
in the duct. The test sarople was either flown 
straight through the duct or recirculatsd. The assay 
was perforiBed in the same way as the microplate SLISA 
assay with respect to antigen and antibody. The 
length of the duct was 10 cm during the process, 
except for the last step when enzyme substrate was 
added. Before said addition the duct was cut from 
both ends to a length of 5 ctn. 

?ig. 2: ELISA was performed in roicroplates . The raicroplatas 
were pre-coated with iFuTiune serum against 
tularensis antigen at room temperature over night. 
The test samples were added after washing and allowed 
to react at 37°C for one hour. Affinity purified 
anti- ?-. tularensis antibodies labelled with alkaline 
phosphatase were subsequently added and the 
sicroplates were incubated for one hour at 37«C.- 
Enzyme substrate was finally added and the reaction 
ir.onitored after 30 rainutas, using an automatic 
spectrophotometer. Stated values are mean values 
+ standard deviation of 15 samples. 

Fig. 3: Enrichment of F. tularensis at the duct wall using 
different voluraes of water containing 10 bacteria 
per milliliter. The test time was 3 hours. Stated 
values are mean values + standard deviation of 3 
samples. 

Fig. 4; The detection level for different concentrations of 
F. tularensis depended on the volume of the test^ 



sample which passed through the pre-coated Tygon 



(R) 
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To obtain a significant- detection level for as few as 
10^ bacteria per milliliter, about 4.5 1 sample {a- 
totsl of 4.5 X 10^ bacteria} was allowed to pass the 
Tygon® tube. 

Said test shows that anti«an can be enriched at the 
inner wall of the Tygon^ tube if said tube is 
coated with specific antibodies. It is also evident 
that the test tiais, i.e. the enrichment time, 
depends on the amount of bacteria in the sample to be 
tested. 

Bacteria/ral Graph plotting 

10^ , o ■» o 



The background values (tap water without tula- 
rensls ) are subtracted from the values as stated." 



ig. 5: Detection levels of F. tulare-nsis when test samples 
are recirculated. 




A - 



1 - » 



Mean values + standard deviation of 9-12 samples. - 



Bacteria/ml 



Graph p lotting 




o 



4 - A 



o 



+ 



The measurements were performed after 3, 6, 18 and 24 
hours. Stated values are raesn values + standard 
deviation of 10-15 samples. 
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ig. 6: Absorbance at 405 nni/100 min. at test with £>,„coli 
in concentrations between C and 5,10° per milliiite 
The sample was recirculated for 3 hours. Volume 
5 milliliter. Stated values are mean values of 3 
samples. 
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CLAIMS : 

1. h method of detecting biological substances having 
affinity properties, characteriaad in that a fluid test sample 
containing the substance to be detected, which substance shows 
affinity to another substance, in a flow passes a solid 
surface to which surface the other substance, to t/nich the 
first substance to be detected shows affinity, is attached, so 
that an enrichment of the substance to be detected is obtained 
and in relation to the fluid volume in contact with the active 
surface a niany times larger fluid volume passes the surface. 

2. A method according to claim 1/ characterized in that the 
substance to be detected and the substance to which said first 
substance shows affinity consist of antigen-antibody, DNA~DHA, 
DNA-RNAr RNA-lectin receptor, ligand-interactions and other 
receptors such as phages and viruses. 

3. A method according to claim 1, characterised in that the 
flow is generated by a pump. 

4. A method according to claim 1, characterized in that the 
.flow without being recirculated passes the solid active 
surface. 

5. A method according to claim 1, characterized in that the 
flow is recirculated. 

6. A method according to any of the preceding claims, 
characterised in that the f low ^rate is determined with respect 
to the size of the molecule to be detected. 

7. A means for detecting biological substances having 
affinity properties, characterized by a flow over a solid 
surface of a fluid sample containing the substance to be 
detected which shows affinity to another substance, which 
latter sub.stance is attached to the solid surface, whereby the 
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substance to be detected is eni'iched. 

■8- A means according to claim 7, characterised in that ths 
solid surface is hydrophobic* 

9. A means according to claiia 7, characterised in that the 
flow is generated by a pump. 

10. A means according to claims 7 and 8, characterized in that 
the solid surface consists of a polymeric ittaterial, e.g., 
glass, plastic material, metal or silicon. 

11. A means according to any of claims 7, 8 and 10, 
characterised in that the solid surface consists of a flexible 
plastic tube. 
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